Using fMRI, our group previously found that after a sip of alcohol and exposure to alcohol beverage pictures, alcoholics compared to social drinkers had increased differential brain activity in the prefrontal cortex and anterior thalamus. This study extends this earlier work with several improvements including imaging the entire brain (rather than the anterior half previously) and recording craving, while the subjects viewed images within the scanner. In a Philips 1.5 T MRI scanner, 10 nontreatment-seeking alcoholics and 10 age-matched healthy social drinkers were given a sip of alcohol before viewing a 12 min randomized presentation of pictures of alcoholic beverages, nonalcoholic beverages, and two different visual control tasks. During picture presentation, changes in regional brain activity were measured in 15 transverse T2*-weighted blood oxygen level dependent slices. Subjects rated their urge to drink after each picture sequence. After a sip of alcohol, while viewing alcohol cues compared to viewing other beverage cues, the alcoholics, but not social drinkers, reported higher craving ratings and had increased activity in the prefrontal cortex and anterior limbic regions. Brain activity in the left nucleus accumbens, anterior cingulate, and left orbitofrontal cortex significantly correlated with subjective craving ratings in alcohol subjects but not in control subjects. This study suggests, as did our earlier study, that alcoholics and not social drinkers, when exposed to alcohol cues, have increased brain activity in areas that reportedly subserve craving for other addictive substances.
INTRODUCTION
Craving for substances of abuse is important in perpetuating addictive behavior. Craving can be considered a multidimensional phenomenon associated with a strong desire to consume a reinforcing/rewarding drug. Exposure to environmental stimuli associated with the particular rewarding drug can trigger these thoughts or 'urges' that often lead to relapse. Improved understanding of the brain regions involved in craving would increase our knowledge of the neuronal substrates of craving, and also represent potential targets for treatment interventions.
Neuroimaging techniques such as fMRI and PET have begun to shed light on the brain regions involved in craving. A number of investigators have shown that viewing cocaine images are associated with specific relative increases in regional brain activity (Breiter et al, 1997; Childress et al, 1999; Grant et al, 1996) . These investigators have generally found activation by cocaine cues in brain regions thought to be involved in reward (nucleus accumbens), arousal (medial temporal lobes, cingulate gyrus), memory (dorsal lateral prefrontal cortex), and sensory integration (thalamus).
Relatively, few studies have assessed brain changes associated with craving for alcohol. Modell and Mountz (1995) , utilizing SPECT imaging, reported increased blood flow in the right caudate nucleus during craving induction in alcoholics. Hommer et al (1997) , utilizing PET imaging, used a challenge of m-chlorophenylpiperazine to induce craving in alcohol subjects and controls. While no subjective craving was elicited, activations were found in the cerebellum, posterior cingulate, and thalamus in the alcohol group.
Recently, our group used fMRI to evaluate regional brain activity changes in alcoholics and social drinkers during alcohol cue stimulation (George et al, 2001) . The results from this study revealed that alcoholics, as a group, had greater relative increases in brain activation in the anterior thalamus and left dorsal lateral prefrontal cortex during alcohol-specific cues, while the social drinkers did not have any alcohol cue-specific brain activation. Furthermore, this work demonstrated that taste and visual cues could induce brain activation in alcoholics within the MRI environment. Two subsequent studies have utilized fMRI with visual (Braus et al, 2001) or olfactory (Schneider et al, 2001) cues. These studies found activation of the putamen as well as the subcortical-limbic region and cerebellum, respectively.
In the current study, we sought to replicate our earlier results, while also employing several design improvements. The main modifications from the original work include (1) the use of full visual field goggles within the scanner (instead of prism glasses to view the slides at one's feet); (2) the acquisition of real-time 'craving' data within the scanner; and (3) the acquisition of whole-brain images (made possible by more powerful MRI gradients).
SUBJECTS AND METHODS

Subjects
In total, 12 nontreatment-seeking adult alcoholics as well as 17 matched healthy social drinking controls (o14 drinks/ week) were recruited. Subjects were recruited through advertisements in the community and signed written informed consent approved by the Medical University of South Carolina Institutional Review Board. Two alcohol subjects and seven social drinkers had unusable MRI data due to excessive movement during the scanning session that was not able to be corrected (41 mm). Therefore, 10 alcohol subjects (two females) and 10 control subjects (two females) were used for final analysis. The alcohol subjects had a mean age of 33.6 (SD ¼ 11.51), while control subjects had a mean age of 33.1 (SD ¼ 10.44). There were no significant differences in age, gender, race, or education between the groups (Table 1 ). All alcohol subjects met DSM-IV criteria for alcohol dependence, including meeting criteria for using more alcohol than anticipated or unable to cut down or stop drinking. Exclusion criteria included DSM-IV criteria for any other substance dependence disorder (excluding caffeine) or Axis I psychiatric disorder. All subjects were nonsmokers. Subjects refrained from alcohol use for 24 h prior to the scanning procedure. A breathalyzer and urine drug screen were performed immediately prior to the imaging session. In addition, subjects were assessed for alcohol withdrawal symptoms using the Clinical Institute Withdrawal Assessment for Alcohol-revised (CIWA-Ar) (Sullivan et al, 1989) , immediately prior to the scanning session.
Procedures
On the day of the imaging session, subjects completed a battery of assessments including the Obsessive Compulsive Drinking Scale (OCDS) (Anton et al, 1996) , the CIWA-Ar, a timeline followback for drinking data (TLFB) (Sobell et al, 1988) , and a series of visual analog scales that assessed a variety of alcohol craving indices such as the amount of craving and frequency of craving. All scans took place around noon on each scanning day to minimize time of day confounds.
The cue-induced MRI scanning procedure was similar to our original study (George et al, 2001) . Briefly, as depicted in Figure 1 , alcohol and nonalcohol beverage picture cues were selected primarily from the Normative Appetitive Picture System (NAPS) (Breiner et al, 1995) but supplemented to avoid repeating the same stimuli during the scanning sequence. Visual control pictures match the alcohol cues in color and hue but lack any object recognition. A 12-min sequence for stimulus presentation was created consisting of six, 120-s, epochs. Each epoch contains four 24-s blocks (one block each of alcohol, nonalcohol beverage and visual control pictures, and crosshair). Each 24-s block is made up of five individual pictures, each displayed for approximately 4.8 s. The alcohol blocks Alcohol fMRI H Myrick et al are specific to a beverage type (beer, wine, or liquor), with two blocks per type. After each block, subjects had 6 s to self-rate their craving in real-time on a visual analog scale as described below. Since stimulus-induced brain activity is small relative to the natural variability in brain activity, stimuli need to be presented multiple times to validly measure a specific activity signal. In order to control for time and order effects across subjects, the order of the individual pictures, the blocks within the epoch, and the epochs were all randomly presented. In addition, a 10-min relaxation script was created from the International Affective Picture System (CSEA-NIMH, 1995), consisting of 20 natural scenic pictures, each displayed for 30 s. These pictures were displayed during MRI scanning setup, tuning sequences, volumetric, and structural scans. The pictorial scripts were created and displayed in Superlab (Phoenix, AZ) on a Power Macintosh. The computer was connected to MRI-compatible nonferromagnetic goggles, and a track-ball in the scanner bore.
MRI Image Acquisition
Subjects wore earplugs and head movement was restricted using foam cushions surrounding the head. They were fitted with 3-D MR compatible goggles (Resonance Technology, Northridge, CA) and had a small plastic tube placed in the corner of their mouth to provide a subsequent sip of alcohol (one ounce of beer). A trackball connected to a Macintosh was placed in their dominant hand to allow a real-time ability to measure changes in craving on a visual analog scale. The visual analog scale consisted of a 100 mm scale in which the subject could rate their 'urge to consume alcohol' from 'not at all' to 'maximum possible'. Prior to entering the scanner, the subjects were trained to move the track-ball along the analog scale and clicking the appropriate position with the mouse.
MRI scans were performed in a Philips 1.5 T MR scanner. An initial high-resolution (142 slice 1 mm thick) sagittal T1-weighted scan was acquired for later volumetric and coregistration analysis, and to ensure there were no large infarcts or tumors. A structural scan was then taken consisting of 15 coplanar transverse slices (8 mm thick/ 0 mm gap) covering the entire brain and positioned using a sagittal scout image. Following another manual tuning for echo-planar imaging, the cue-induction paradigm was performed while also acquiring blood oxygen level dependent (BOLD) weighted transverse scans in the exact plane as before using a gradient echo, echo-planar (EPI) fMRI sequence (tip angle ¼ 901, TE¼ 45.0 ms, TR ¼ 3.176 ms, FOV ¼ 256, 15 8-mm thick slices, gap ¼ 0.0 mm, with frequency selective fat suppression). Immediately prior to acquiring the BOLD images, the subjects were given a sip (one ounce of beer) through the small plastic tube in their mouth.
Data Analysis
Subject demographics and rating scales were compared between groups using t-tests and repeated measures ANOVA.
MR images were changed into ANALYZE format and then further processed on Sun workstations (Sun Microsystems, Palo Alto, CA). Scans were checked using MEDx3.3 (Sensor Systems Inc., Sterling, VA) for movement within runs. Volumes were then motion corrected to less than 1 Â 1 Â 1 mm 3 in all planes using Automatic Image Registration (Woods et al, 1992) . After motion correction, all data sets were required to have less than 1-mm movement in all planes. There was no difference in average overall movement in the x, y, or z direction after motion correction in the alcoholics as compared to controls (x direction:
Using the Statistical Parametric Mapping (SPM) 96 module in MEDx3.3, the data were temporally filtered using a high-pass filter removing fMRI intensity patterns greater than twice the cycle length's period (254 s), and transformed into Talairach space (Talairach and Tournoux, 1988) with output voxel dimensions 4 Â 4 Â 4 mm 3 , and spatially smoothed using an 8 Â 8 Â 8 mm 3 Gaussian kernel.
Individual fMRI data analysis. Individual z maps were generated using SPM96 with a delayed boxcar model, temporal smoothing, and an uncorrected F threshold of 0.999. There is a problem with MEDx3.3 where for any comparison it only computes positive z-values, and discards all zero or negative differences. To get around this problem and be able to examine increases as well as decreases for a given comparison, we used the image calculator in MEDx3.3 to combine the two subtraction z maps for each comparison of interest after converting the sign of the initially negative values (ie, for comparison, alcohol vs beverage, subtractions of alcohol minus beverage (positive values) & beverage minus alcohol (positive values, then converted to negative values) were combined to give one z map with the full range of differences between the conditions). The resulting statistical map had both positive and negative z-values. The individual subject's fMRI data were analyzed to generate unthresholded z maps for alcohol minus beverage and beverage minus alcohol, alcohol minus control and control minus alcohol, beverage minus control and control minus beverage, control minus rest and rest minus control. The individual z maps were then combined for the group analysis.
Within-group fMRI data analysis. Between-group fMRI data analysis. The Alcohol minus Beverage condition unthresholded z maps for both the Alcohol and Social Drinkers were compared using MEDx3.3. z maps were thresholded using zX1.645 and a Correlation analysis. Within-group correlations between subjective craving rating and brain activity measures were performed in MEDx3.3 on the functional data for the alcohol and control groups using brain activity data measured during the alcohol condition alone. A text file readable in MEDx was made from the visual analog craving rating data obtained, while the subjects were in the scanner. A correlation model was then constructed with each time point in the alcohol condition matching the craving rating for that block of alcohol pictures. The images (motion corrected, temporal filtered, smoothed, and normalized into Talairach space) were then loaded for the correlation. After a temporal auto-correlation correction was applied with a hemodynamic lag (2 Â TR ¼ 6.3), each subject's correlation z map was obtained. A random effects model was used to generate the group correlation z map. The group z maps were thresholded using zX1.96 and cluster statistical weight (spatial extent threshold) of po0.05. The local maxima for these group cluster maps were then identified. To determine the specificity of the findings, a similar correlation was conducted using the craving rating data obtained during the beverage condition.
RESULTS
Demographics and Subjective Ratings
As can be seen in Table 1 , and as expected, there were significant baseline differences in alcohol use parameters between the alcoholic and social drinker groups. The alcoholic group consumed more drinks in the 30 days prior to study initiation (t ¼ 4.82, df ¼ 18, po0.01) and had more drinks per drinking day (t ¼ 4.35, df ¼ 18, po0.01) than the social drinkers. There was no evidence of alcohol withdrawal symptoms in either group as the CIWA-Ar scores were zero. In addition, urine drug screens obtained prior to the subjects entering the scanner were negative. There were several indices of a difference in craving between alcohol subjects and controls. At baseline, the alcoholic group reported an increased amount of craving (t ¼ 4.30, df ¼ 18, po0.01), frequency of craving (t ¼ 3.28, df ¼ 18, po0.01), and a higher OCDS score (t ¼ 4.77, df ¼ 18, po0.01) as compared to the social drinking control group. Alcohol subjects also had significantly higher preand postsip alcohol craving while in the scanner. As can be seen in Figure 2 , there were significant differences between alcohol subjects and control subjects with regards to the craving ratings during visual presentation within the scanner (F ¼ 10.712, df ¼ 1, p ¼ 0.004). The alcohol subject's 'urge to consume alcohol' was significantly higher for the alcohol pictures, beverage pictures, control pictures, and rest pictures as compared to control subjects. Within the alcoholic group, there were higher ratings of craving during viewing of alcohol pictures (F ¼ 10.283, df ¼ 1, p ¼ 0.005).
Comparison of Alcohol Cues with Beverage Cues
The brain areas that significantly activated within each group during the comparison of alcohol cues and beverage cues are summarized in Table 2 and depicted in Figure 3 . The results of this comparison were the most salient and robust effect in our original study (George et al, 2001 ). Confirming our earlier work, the alcoholics, and not the social drinkers, had robust activation in prefrontal and limbic regions. In contrast to our earlier study, the social drinker group had some activation (cingulate) during this comparison. Additionally, the regions activated in the alcoholics were not exactly the same ones as in our earlier study (see discussion).
Comparison of Alcohol Cues with Control Cues
The brain areas significantly activated during the comparison of alcohol cues with control cues are summarized in Table 2 . Three brain areas that were activated in the alcoholic group during the comparison of alcohol cues with beverage cues remained activated in this comparison: anterior cingulate, right insula, and left insula.
Comparison of Beverage Cues with Control Cues
As summarized in Table 2 , the comparison of beverage cues with control cues resulted in very few areas of activation. The alcoholic group contained activation in the left hippocampus, whereas the social drinkers had both left and right occipital activation.
Comparison of Visual Control Cues with Rest Control
The comparison of visual control and rest control pictures is important within each group as it serves as an internal control to verify that regional brain activation occurs, and that within-group differences in activation are due to the specific contrasts and are not influenced by inattention, movement, or lingering toxic or metabolic effects of alcohol or blood flow. As such, one would expect to find occipital activation in this comparison due to the various colors in Figure 2 Craving ratings within the MRI scanner. The mean subjective rating for 'desire to consume alcohol' revealed a significant between-subject effect F ¼ 10.712, df ¼ 1, p ¼ 0.004 and within-subject effect (seen only in the alcohol group) F ¼ 10.283, df ¼ 1, p ¼ 0.005. *Craving was rated on an analog scale (range 0-100). Within-subject comparisons of alcohol-beverage condition, alcohol-control condition, beverage-control condition, and correlation with real-time analog craving ratings in alcohol subjects (n ¼ 10). The Talairach coordinates for the peak voxel are listed. The cluster statistical weight is po0.05 corrected (there was only one significant cluster per region listed).
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the visual control compared to the black crosshair and white background of the rest condition. Accordingly, within-group analyses found that both the alcoholic group and social drinkers showed areas of significant activation while viewing the visual control images compared to the rest (crosshair) control in the occipital lobes. Importantly, there was no statistical difference in the number of voxels activated in the occipital lobe between the alcoholic group and social drinkers (t ¼ À0.77, df ¼ 9, p ¼ 0.46). This internal control demonstrates that there is little, if any, difference in nonspecific brain activation within the two groups due to differential attention, movement, or the lingering toxic effects of alcohol or other reasons.
Temporal Correlation of Craving Data with Brain Activity
As can be seen in Figure 4 , in the alcohol group, the correlation of the craving data obtained at the end of each alcohol condition with regional brain activity measured during viewing of alcohol pictures revealed activation in the left nucleus accumbens, anterior cingulate as well as the left orbitofrontal cortex (n ¼ 10, z ¼ 1.96). In contrast, the correlation between craving data obtained at the end of each beverage condition and brain activity measured during the viewing of nonalcoholic beverages showed no regions of significant correlation. Importantly, there was no significant correlation between craving measures and brain activity in the alcohol or beverage condition in the social drinkers.
Between-Group Results
There was no statistically significant between-group difference in brain activation between the alcoholics and social drinkers at the level of z ¼ 1.645 for any of the comparisons (Alc-Bev, Alc-Rest, Control-Rest).
DISCUSSION
These results provide further evidence that alcohol cueinduced brain activity can be elicited in alcoholics within the fMRI scanner during the presentation of taste and visual alcohol cues. Nontreatment-seeking alcoholics self-rated significantly higher 'real-time' alcohol craving ratings and differentially activated limbic and cortical brain regions as compared to control subjects. Specifically, after a sip of alcohol, the alcohol subjects had activation in the nucleus accumbens (bilateral), ventral tegmental area, insula (bilateral), and anterior cingulate while viewing alcohol cues compared to viewing the beverage cues. In contrast, on this alcohol-specific contrast, social drinkers only had slight activation in the cingulate gyrus. In addition, within the alcohol group alone, real-time craving ratings while in the MRI scanner correlated with activation in the left nucleus accumbens, anterior cingulate as well as in the left orbitofrontal cortex. The brain regions found activated in the current study are consistent with other published neuroimaging cue stimulation studies involving cocaine, opiates, nicotine, or alcohol. In particular, regions activated include both limbic and Figure 3 Brain areas activated during alcoholFbeverage comparison. Brain regions with significantly increased activation in one task (alcohol) compared with another (beverage) are depicted in color on representative coronal structural magnetic resonance imaging scans. The threshold for determining significance is an extent cluster threshold of po0.05. Figure 4 Correlation of subjective ratings with brain activity. Brain regions with a significant positive correlation with analog craving ratings are depicted in color on representative structural magnetic resonance imaging scans. The threshold for determining significance is an extent cluster threshold of po0.05.
Alcohol fMRI H Myrick et al cortical areas, while there is not complete overlap of all brain regions activated across all cue-induced craving studies, several brain regions show consistent activation. These include various portions of the cingulate gyrus (Breiter et al, 1997; Childress et al, 1999; Garavan et al, 2000; Grant et al, 1996; Kilts et al, 2001; Mass et al, 1998; Wexler et al, 2001; Brody et al, 2002) , the orbital cortex (Grant et al, 1996; Mass et al, 1998; Wang et al, 1999) , the nucleus accumbens (Breiter et al, 1997; George et al, 2001; Kilts et al, 2001) , and the insula (Breiter et al, 1997; Wang et al, 1999) .
The nucleus accumbens and ventral tegmental area have received considerable attention as neural substrates mediating addiction (Pointieri et al, 1995; Koob and Le Moal, 1997) . Both regions have been implicated in the rewarding properties of reinforcing behaviors and substances, and have extensive cortical and subcortical connections. In animals, dopaminergic projections from the ventral tegmental area to the nucleus accumbens fire in response to presentation of reward cues and reward anticipation (Berridge and Robinson, 1998; Ikemoto and Panksepp, 1999; Schultz et al, 1992) . A recent fMRI study in humans found that anticipation of increasing monetary rewards in healthy volunteers yielded increasing nucleus accumbens activation (Knutson et al, 2001 ).
As noted above, different subregions of the cingulate gyrus have been activated in several cocaine cue-induction paradigms. The cingulate is involved in assessing the salience of emotional and motivational information (Bush et al, 2000) . As such, it may play a role in linking environmental cues with the emotional states associated with substance use and therefore be involved with craving and the addictive process. Therefore, activation of the cingulate might be expected if subjects linked the alcohol cues with positive expectations of alcohol use. It has been reported that anterior cingulate activation may be related to the expectancy of reward and in our situation, expectancy to consume alcohol (Shidara and Richmond, 2002) .
The insula is considered a part of the limbic system. The insula receives input from the basolateral amygdala (Krettek and Price, 1977; Shinonaga et al, 1994) and projects to the striatum (Wright and Groenewegan, 1996) and is thus is considered an integral part of the corticomesolimbic system. The insula is hypothesized to mediate higher cognitive processes such as memory and learning related to taste (Balleine and Dickinson, 2000; Braun et al, 1972; Kiefer and Braun, 1977) . Lesion studies support the hypothesis that insular cortex is crucial to encoding the incentive value of taste during instrumental conditioning (Balleine and Dickinson, 2000) . Recent studies suggest that activation of the insular cortex is also correlated with drugrelated behavior. Insular activation has been found in a cocaine theme interview (Wang et al, 1999) , with presentation of cocaine-related cues (Bonson et al, 2002) , and during cocaine administration (Breiter et al, 1997) . The work by Breiter et al (1997) is especially interesting given that both nucleus accumbens and insula activation was found. Sell et al (2000) found that craving during heroin-related visual cue stimulation correlated with left insula activity as well as orbitofrontal cortex activity. Likewise, a recent study by Brody et al (2002) found that the increased craving for cigarettes while watching a videotape of cigarette-related cues correlated with anterior insula activation bilaterally as well as the orbitofrontal cortex. These results are consistent with the results reported here for alcohol cue stimulation.
The left orbitofrontal cortex, left nucleus accumbens, and anterior cingulate, were found to correlate with the craving data obtained while subjects were in the scanner. While activity in the nucleus accumbens and anterior cingulate was found in the alcohol minus beverage condition, the orbitofrontal cortex activity appeared only in the correlation with craving ratings. Orbitofrontal cortex activity has been found in several neuroimaging studies involving cocaine-related cues (Grant et al, 1996; Wang et al, 1999) . The orbitofrontal cortex is involved in processing information about reinforcing and aversive stimuli and has extensive connections with the subcortical limbic structures (Haber et al, 1995; Zald and Kim, 1996) . Orbitofrontal cortex lesions have been found to disrupt inhibitory and emotional mechanisms resulting in impulsive and socially inappropriate behavior (Anderson et al, 1999; Bechara et al, 1994) . In addition, overactivation of the orbitofrontal cortex has been associated with obsessivecompulsive behaviors (Heinz, 1999) . Therefore, dysfunction in the orbitofrontal cortex can lead to impaired inhibitory control and may be responsible for continued substance use despite obvious impairment (Volkow and Fowler, 2000; London et al, 2000) .
While our most salient a priori hypothesis centered on the comparison of alcohol cues to beverage cues, other comparisons were analyzed. The comparison of alcohol cues with control cues yielded only three areas of activation that were similar to the comparison of alcohol cues to beverage cues: anterior cingulate, left insula, and right insula. These areas of activation were not found in the comparison of beverage cues to control cues. The finding of different areas of activation in the comparison of alcohol cues to control cues is of no great surprise. In the comparison of alcohol cues to beverage cues, the only salient difference between the cues is that one of the 'beverages' contains alcohol. In the comparison of alcohol cues to control cues, there are major differences in the salience. The control pictures consist of the alcohol and beverage pictures that have been blurred, so that the object cannot be recognized, but retains the same hue and color. The resulting control cues may offer somewhat of a novel stimulus. Perhaps, this accounts for the hippocampal activation in the comparisons of both alcohol cues to control cues as well as beverage cues to control cues. Modell et al (1990) developed a model of craving for alcohol based on the similarity of the compulsions associated with obsessive-compulsive disorder (OCD) and the desire to drink described by alcoholics. Investigators have noted that some aspects of craving resemble obsessive and compulsive phenomenon (Anton et al, 1995; Anton, 1999; Modell et al, 1990) , including both urges and the inability to resist these urges. Dysfunction in a circuit involving the striato-thalamocortical loop may underlie this poor control of urges to drink (Anton et al, 1995; Volkow and Fowler, 2000) . As such, dysfunction in the orbitofrontal cortex might be involved in craving for alcohol, much like it is in OCD. In the current study, it is not clear whether the activation in the orbital frontal areas is consistent with a positive expectation of reward (craving) or an attempt by the subjects to resist this craving during confinement to the scanner where drinking was impossible. Future research may attempt to further characterize the dimensions of the craving experience that are related to these brain activations.
The lack of consistency in areas of regional brain activity in studies evaluating craving in alcoholics is worthy of discussion. This inconsistency is not only due to the different imaging techniques employed but also the specific alcohol cues utilized and patient population studied. In reference to the specific alcohol cues used to illicit 'craving', it is possible that visual presentation alone may not provide the salience necessary to induce alcohol craving (Anton and Drobes, 1998) . A priming 'sip' of alcohol as used in Modell and Mountz (1995) and George et al (2001) , and the current study may provide a more salient or powerful cue to illicit alcohol craving. Data generated from nonimaging clinical lab studies have indicated that a taste prime can increase craving (de Wit, 2000; O'Malley et al, 2002) . The length of abstinence among the studies could also lead to the differences in the induced regional activation. As the length of abstinence increases, it is likely that craving decreases. In addition, patients with longer periods of abstinence may have greater resistance to craving than actively drinking subjects. Therefore, the presentation of alcohol cues to the nontreatment-seeking alcoholdependent subjects in the current study may have had greater salience than subjects with longer periods of abstinence. Future studies might repeatedly image individuals overtime, such as during the initiation of abstinence, during maintained abstinence, and immediate after relapse drinking to further address these issues. The evaluation of regional brain activation to craving during each of these times could elucidate and provide a more complete picture of the 'addicted brain'.
The fact that the current findings differ from our initial study by George et al (2001) warrants further discussion. The purpose of the original study was to evaluate the ability to perform alcohol cue-stimulation in the fMRI scanner and to ascertain whether alcoholics would experience craving while in such an unnatural environment. It was positive on both accounts. The study revealed that alcohol subjects exposed to alcohol cues had increased brain activity in the prefrontal cortex and anterior thalamus. There are several reasons why we did not exactly replicate those initial results. First, due to technology constraints, the original work only imaged the anterior third of the brain while the current study utilized whole brain imaging. Second, the original study used prism glasses for the subjects to view images that were projected onto a screen located at their feet while lying on the scanner gantry. The current study used 3-D, MRIcompatible video goggles that offered increased resolution, greater subject comfort, and likely caused less perceptual distraction. Third, the original study was completed on a Picker Edge 1.5 T system, while the current study was completed on a Philips 1.5 T system. Fourth, the statistical analysis of those images was slightly different, using earlier versions of image data analysis software. Based on the improvement in image data analysis software, our analysis techniques differ between the studies. In the prior study, we only generated regional brain 'activation' maps for the condition of interest (ie alcohol minus beverage condition). Our current data analysis techniques allow for us to evaluate 'deactivation' maps (ie beverage minus alcohol condition) in addition to the 'activation' maps for the condition of interest. The combination of the activation and deactivation maps (alcohol minus beverage and beverage minus alcohol) generates more of an 'absolute' value of regional brain activity. Finally, the original study relied on retrospective (postimaging) ratings of craving for alcohol. The current study used 'real-time' ratings of craving while the subjects were in the scanner. The differences in brain regions scanned, image quality, image power, and use of real-time ratings, make the current study not a formal direct replication of our previous work but probably more meaningful. Importantly, both studies found differences between alcoholics and social drinkers only during the alcohol-specific contrast. Moreover, both studies found increased prefrontal brain activity in the alcoholics during the alcohol-specific cue induction.
There are several limitations of the current study. First, the study has a small sample size of only 10 subjects per group. However, the imaging literature is generally based on studies with equivalent sample sizes. As well, these two groups are well matched on many important variables such as age, gender, and handedness. Second, two alcohol subjects and seven social drinkers were excluded from data analysis due to excessive movement during the scanning session that was unable to be corrected (41 mm). Third, while we were able to find significant within-group effects, we were unable to find between-group differences in brain activity. This, again, is most likely due to the small sample size of the study and variability in the data.
In summary, craving for alcohol represents a significant trigger to relapse to alcohol use in many alcoholics. Exposure to environmental stimuli associated with drinking (such as pictures, smells, and places of ingestion) can strongly stimulate the 'urge' or desire to consume alcohol in alcohol-dependent individuals. In this context, craving for alcohol can be thought of as a useful target for both counseling and pharmacotherapies aimed at reducing alcoholism (Anton, 1999; Flannery et al, 2001; Jaffe et al, 1996) . While it appears that craving is accompanied by changes in regional brain activity, what changes and what structures are most sensitive to cue-induced craving are beginning to be clearly elucidated. Identifying the brain regions involved with craving may lead to better interventions which in turn will improve the treatment success of alcoholics.
